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Abstract: The studies in 1988-1991 concentrated on the general recognition of macroinvertebrates popula-
ting the stream bed of the Biata Wisetka and Czarna Wiselka, i.e. the species composition, longitudinal
distribution and deterioration of fauna caused by water acidification. In 1993-1994, the problem of changes
in the benthic fauna composition of the Czarna Wisetka were studied while under an experimental neutrali-
zation involving dolomite.

A total of 40,908 macroinvertebrates of 12 orders were found in 225 quantitative samples taken at 15
field sites in both streams and their affluents. Almost 90% of the individuals were insects, mainly stoneflies
and flies. Stoneflies outnumbered the fauna in all stretches of the studied streams, except for the lower course
of Biata Wiselka, i.e. at 14 out of the 15 studied stations. In 11 separate events their predominance exceeded
50% of all macroinvertebrates. This phenomenon seems to be a characteristic of acidified streams. It also
characterizes the aquatic environment of the drainage area of the streams.

Acidification also resulted in a reduction in the numbers of mayfly and caddis fly species that were
observed at stretches with a lower pH value. At stations with a very low pH (<5), mayflies completely
vanished, as did as molluscs, crustaceans, leaches and many other sensitive taxa; this was noted at the upper-
most sections of Czarna Wisetka.

A distinctly positive reaction of benthic fauna (i.e. increase in abundance) was observed six weeks after
dolomite neutralization. Following snowmelt runoff in the spring of the next year (May), population totals
did not differ very much from the average results noted in the previous spring seasons.

Key words: macroinvertebrates, acidification, dolomiting, mayflies, caddis flies, Western Carpathians.

Tre$¢é: Badania nad makrobezkregowcami bentosowymi Czarnej Wisetki i Biatej Wisetki, prowadzone
w latach 1988-1991, ukierunkowane byty gtéwnie na rozpoznanie sktadu gatunkowego, rozsiedlenia z bie-
giem potokéw i degradacji fauny spowodowanej zakwaszeniem srodowiska wodnego. W latach 1993-1994
Sledzono zmiany w faunie bentosowej wywotane eksperymentalnym zobojgtnianiem zakwaszonej wody
Czarnej Wisetki za pomocg dolomitowania dna potoku.

W 225 prébach ilosciowych pobranych na 15 stanowiskach w dorzeczach obu Wisetek zebrano okoto
41 000 bezkrggowcéw nalezacych do 12 rzedéw. Owady, gtéwnie widelnice i muchéwki, stanowity okoto
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90% zebranych osobnikéw. Widelnice byty najliczniejszg grupa na kazdym z badanych stanowisk z wyjat-
kiem jednego, usytuowanego w dolnym biegu Biatej Wiselki; az na 11 stanowiskach ich udziat przekraczat
50% catosci fauny. Przewaga liczebna widelnic w faunie bezkrggowcéw bentosowych wydaje si¢ by¢ cechg
charakterystyczng dla potokéw zakwaszonych i tak tez nalezatoby interpretowac to zjawisko w odniesieniu
do dorzeczy obu Wisetek.

Przejawem zakwaszenia byta takze zredukowana liczba gatunkéw jetek i widelnic, co obserwowano na
odcinkach o niskich wartosciach pH. Na stanowiskach, gdzie odczyn wody byt nizszy od pH 5, np. gérny
odcinek Czarnej Wiselki, nie znaleziono zwierzat wrazliwych na zakwaszenie: jetek, migczakow, skorupia-
kéw, pijawek i innych.

Po zastosowaniu dolomitowania zaobserwowano pozytywng reakcje fauny bentosowej (wzrost liczeb-
nosci). Natomiast w okresie tajania $niegu (maj) roku nast¢pnego, sktad gatunkowy i liczebnosci fauny nie
odbiegaty od przecigtnych dla tego okresu z lat poprzedzajacych eksperyment.

1. Introduction

Until the late eighties, the knowledge of the benthic invertebrate fauna in the Czarna
Wisetka and the Biata Wisetka (spring streams of the Vistula River) was poor. The only
paper (Mikulski, 1950) concerned mayflies, and was based on the material gathered in
1936 and 1938.

In 1958, a nature reserve for the protection of the brown trout (Salmo trutta m. fario L.)
was established in the catchment of the Biata Wisetka and the Czarna Wisetka.

In 1979, the author revealed that in the lower stretch of the Czarna Wisetka there were
no mayflies, a very poor amount of caddisfly fauna, and a generally low abundance of
other benthic macroinvertebrates. On May 17th, during a one-hour of sampling, only 2
larvae of Plectrocnemia conspersa (Curt.) were found. The scarcity of caddisfly larvae —
as well as mayfly — in a typically large beskidian stream was both astonishing and diffi-
cult to explain. At the same time, the caddisfly fauna in the lower stretch of the Biata
Wisetka was abundant (Szczesny 1986). However, in 1986, the discovery of acidic streams
in the Swigtokrzyski National Park led to the supposition that acidification might be
responsible for the impoverishment of the fauna in the Czarna Wisetka as well. This
hypothesis was confirmed by chemical (Wrébel, Wéjcik 1989) and biological (Szczgsny
1989) studies conducted there in 1988. Water acidification also resulted in complete extinc-
tion of fish in that stream. Studies on benthic macroinvertebrate fauna in both Wisetka
streams were continued in 1989 and 1991, having been partly supported by the Dolomite
Mine at Bytom. Results of those studies, which have not been published until now, are
included in the present publication.

The promising results of water neutralization in an acidified stream using dolomite
gravel in the Swigtokrzyski National Park (Wrébel, Szczesny 1990) inspired the present
study. This study focused on water neutralization in the Czarna Wisetka in the hope that
the same method could be used for the successful restitution of brown trout population.
The main aim of the studies of benthic fauna in both streams was to recognize and docu-
ment changes in stream biota as caused by acidification and subsequent neutralization of
the Czarna Wisetka with dolomite. Research performed in 1993-1994 was supported by
CSR grant No 6P205 040 04.

Dr Matgorzata Ktonowska-Olejnik from the Jagiellonian University identified the
mayfly larvae collected in the studied streams. The author would like to express his
gratitude to her.
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2. Study area

The Czarna Wisetka (Fig. 1), with its right tributary, the Biata Wisetka, are the head-
streams of the Vistula River, the largest river in Poland. The streams are situated in the north-
western part of the West Carpathian Mountains and drain down the western slopes of Mt.
Barania Géra. (1220 m a.s.l. — the highest elevation of the Beskid Slaski range). The steep
slopes of these ridges are covered by spruce forest, while in lower altitudes by a mixture of
beech and spruce. Other areas at a medium altitude and of a lower gradient are cultivated.
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Fig. 1. Catchments of the Czarna Wisetka and Biala Wisetka: 1 — stations, 2 — Wista Czarne reservoir, 3 —
stage fall, 4 — dolomiting zone.
Ryc. 1. Dorzecze Czarnej Wiselki i Biatej Wisetki: 1 — stanowiska, 2 — zbiornik Wista Czarne, 3 — stopien

wodny, 4 — strefa dolomitowania.

The geological substratum of the drainage areas is composed of sedimentary rock —
the Carpathian Flysh (mainly Lower Istebna beds). The main stream of Biata Wisetka
flows along the Upper and Lower Godula beds. On the beds in the Czarna Wisetka
drainage area formed oligotrophic podsol and podsolic soils, which are habitats for
Abieti-Piceetum montanum and Plagiothecio-Piceetum tatricum associations. In the Biata
Wisetka drainage area, mesotrophic-eutrophic and mesotrophic brown and acidic-brown
soils (habitats for plant associations Dentario glandulosae-Fagetum) and aeruginous soil
(habitats for Luzulo-Fagetum) were formed. Generally, the soils in the Czarna Wisetka
drainage area were of a greater acidity (Maciaszek, Zwydak 1998).
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The Czarna Wiselka, 9.6 km long, flows generally westwards, draining onto the so-
uth-western slopes of Mt. Barania Géra. Its spring is situated at 1150 m a.s.l. The Biata
Wisetka, 6.6 km in length, flows westwards and drains onto the north-western slopes of
the mountain. Its spring is situated at 1100 m a.s.l. The streams’ confluence was at an
altitude of 530 m. However, after the Wista-Czarne dam reservoir construction, their
courses ended at 545 m (Punzet 1998, Olszamowski 1995).

Chemically, the waters of the streams differ distinctly. The water of the Czarna Wiset-
ka was acidic and represented a calcium-sulfate type with a high concentration of hydro-
gen, aluminium and iron ions. The pH value was consistently below 7. In the middle and
lower course during periods of low discharge, it was usually 6.4 and 6.8. During the
spring thaw, pH receded to 4.7 and 5.8, respectively. In the upper course of the stream,
pH values of 4.0-5.5 were constant.

The water of the Biala Wiseltka represents the calcium-bicarbonate type but with a
relatively high content of sulfates and a low electrolytic conductivity <100 mS/cm (Wr6-
bel 1998). A low content of aluminium was also present, indicating an acidification of
some of the upper tributaries.

The mean annual precipitation was about 1400 mm (Wrébel 1998), while the mean
annual discharge of the Vistula below the streams’ confluence was 0.825 m®/s, as measured
before the construction of the dam reservoir.

3. Material and methods

The investigations were carried out at 15 stations (Fig. 1, Tab. 1) on the following
streams:

— Czarna Wiselka (stations 1-3) and its right tributaries: unnamed A (4) Plony (5), Kozi
(6), unnamed B (7):

— Biata Wisetka (8-9) and its left tributaries: Roztgczny (10), Réwniariski (11), Bobro-
wicki (12), Czarny (13), and right tributary Glebczariski (14) with its unnamed left tribu-
tary C (15).

Five replicate bottom samples (5 dm? each) were collected with a bottom sampler
(square frame with sides 20 cm long and a net with a mesh 300 mm in diameter) on each
sampling occasion. The material was preserved with formalin. Altogether, 225 quantita-
tive samples were taken from 1988-1994. The sampling dates are given in Table 2. The
dolomite was deposited in the stream beds on 4 September 1993.

4. Results

In 225 samples collected at 15 stations, 40, 908 individuals, belonging to 12 orders, were
found (Tabs 3, 4, 6, 7). Insects, and particularly Plecoptera and Diptera were the most abun-
dant invertebrate groups. Mayflies (Ephemeroptera) and caddis flies (Trichoptera), and, in
addition to the insects, oligochaetes (Oligochaeta) were also numerous. Representatives of
the four groups: molluscs (Mollusca), amphipods (Amphipoda), seed shrimps (Ostracoda)
and Megaloptera were found only in samples collected in the watershed of one of the Wisel-
ka streams, while leeches (Hirudinea) were not encountered in any of the streams studied
although they are permanent inhabitants of other Beskid streams.
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Table 1. Characteristics of sampling sites on the Czarna Wisetka and Biata Wisetka streams and
their effluents
Tabela 1. Charakterystyka stanowisk w dorzeczu Czarnej Wiselki i Bialej Wisetki

No| Stream Altitu-| Max. | Mean | Max. | Main component of | Immediate surrounding of
Nr| Potok de |stream| depth |current substratum stream bed
Wyso- width | of |veloci- Gléwny sktadnik Bezposrednie otoczenie
kos¢ |Szero- |Stream|  ty podioza koryta potoku
npm. | ko$¢ |Gigbo-| Maks.
koryta| kosé | pred-
maks. (Srednia| kosé
prze-
pltywu
m m cm m/s
1 | Czarna Wisetka| 885 | 3.5 20 0.8 | rock, big stones meadow, coniferous forest
skata, kamienie duze | lgka, las iglasty
2 | Czarna Wisetka| 740 5} 23 1 | rock, big stones coniferous forest
skata, kamienie duze | las iglasty
3 | Czarna Wisetka| 560 8 [25-30| 1.2 | boulders willows, coniferous forest
gtazy wierzby, las iglasty
4 | unnamed A 930 | 1.5 10 0.6 | medium stones coniferous forest
bez nazwy A kamienie Srednie las iglasty
5 | Ptony 740 3 |10-20| 0.8 | big stones coniferous forest
kamienie duze las iglasty
6 | Kozi 680 | 2.5 |10-20| 0.8 | big stones willows, coniferous forest
kamienie duze wierzby, las iglasty
7 | unnamed B 600 1 10-15| 0.7 | medium stones meadow, coniferous forest
bez nazwy B kamienie srednie taka, las iglasty
8 | Biata Wisetka | 700 5 15-25| 1.2 | rock, big stones mixed forest
skata, kamienie duze las mieszany
9 | Biata Wisetka | 575 9 |20-35| 1.4 | boulders coniferous forest
glazy las iglasty
10| Roztaczny 730 2 10-20| 0.8 | rock, big stones mixed forest
skata, kamienie duze | las mieszany
11| Roéwniariski 670 | 2.5 |15-25| 0.8 | big stones mixed forest
kamienie duze las mieszany
12| Bobrowicki 610 3 [10-20 1 | big stones mixed forest
kamienie duze las mieszany
13| Czarny 585 | 2.5 |15-25| 1.2 | big stones mixed forest
kamienie duze las mieszany
14| Glebezanski 850 | 1.5 |10-15| 0.9 [ rock, medium stones coniferous forest
skata, kamienie srednie | las iglasty
15| unnamed C 850 | 1.5 |10-15 1 big stones coniferous forest
bez nazwy C kamienie duze
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Table 2. Dates of sampling
Tabela 2. Terminy poboru préb

No| Stream 1988  |1989] 1991 1993 1994
Nr | Potok 2RRGEY B0 O 18 205 2758528 3 18] 6 1R
VISV | s VIS VTGSV T SV V IR TIXE oX: \% VA X
1 | Czarna Wisetka + + + 4L i i "
2 | Czarna Wisetka + + + + + + £ 4 i
3 | Czarna Wisetka + + + + + + + + + + +
| 4 | unnamed (bez nazwy) A 4
5 | Plony +
6 | Kozi v
7 | unnamed (bez nazwy) B +
8 | Biata Wisetka +
9 | Biata Wisetka + + + + + + +
10 | Rozlgczny +
11 | ROwniariski +
12 | Bobrowicki +
13 | Czarny it
14 | Glebezaniski +
15 | unnamed (bez nazwy) C +

Table 3. Percentage shares of invertebrate groups in the Czarna Wisetka benthos

Tabela 3. Udziat procentowy grup bezkreggowcoéw w bentosie Czarnej Wisetki

Taxonomic groups Stations — Stanowiska
Grupy taksonomiczne 1 2 3}
OLIGOCHAETA 6.8 119 18.0
HYDRACARINA 0.1 0.4
EPHEMEROPTERA 43  10.0
PLECOPTERA 62.6 56.0 34.0
COLEOPTERA 0.1 0.6 0.5
MEGALOPTERA 0.2 0.1 0.1
TRICHOPTERA 4.9 4i3: %115
DIPTERA 25O ORI
Number of individuals/m?

Liczba osobnikéw/m? 4,257 3,291 2,076




4.1. The Czarna Wiselka

An overall number of 21,465 individuals were found in 144 samples collected in the
mainstream during 1988-1994. Thirty samples were taken from the section where dolo-
mite was applied, containing 4,613 individuals.

The collected invertebrates belonged to 8 orders (Tabs 3, 4). Most of the individuals
found were insects (88.8%), and among them are stoneflies (55%) and representatives of
Diptera order (22%). Oligochaetes were moderately abundant (11.1%), while caddis flies
and mayflies were the less common.

No molluscs, leeches, amphipods and ostracods were encountered. Representatives
of Tricladida were found only in one of the tributaries.

4.1.1. Density

Numbers of invertebrates in the Czarna Wisetka stream bottom ranged from 270 to
9,556 individuals/m? (Tab. 3). The lowest invertebrate abundances (270 and 284) were
noted in the lower stretch of the stream (site 3). These results were the lowest obtained
from almost all collection dates, thereby causing a low mean of 2,076 individuals/m?.
The average number of animals (mean of numerous samples) collected in the middle
course (site 2) of the stream was half as high, while in the upper stretch (site 1), it was
twice as much as compared with the lower stretch. Evident regularity could be noticed in
the density of bottom populations. Invertebrate abundance reached its highest value in
the upper course of the stream (this section characterized by the highest level of acidifi-
cation) and decreased downstream. It should be emphasized here that numbers of indivi-
duals populating the stream bottom in the upper and middle course were similar, whereas
considerable differences were noted in the lower course. Extreme values at both upper
stations differed by 5.8-fold and 3.8-fold, respectively, while at the lower station, as high
as 16.6-fold. Those values suggest the stronger influence of certain factors on the bioce-
nosis in the lower course of the stream.

4.1.2. Downstream distribution of invertebrates

Stonefly larvae, belonging mainly to Leuctridae and Nemuridae families, were of the
most abundant groups in the Czarna Wisetka. Their domination was shown at all stations
in a percentage share of individuals in the fauna populating the stream bottom. However,
the highest values were noted in its upper course (station 1), averaging 2,664 individuals/m?
(mean) which corresponded to 62.6% of the total fauna. Their abundance decreased

downstream to 706 individuals/m? (34%) (Tabs 3, 4).

A decrease in invertebrate abundance downstream was observed in the two most abun-
dant families: Leuctridae and Nemuridae; a drop in the number of the former was regular
while that of the latter was minor in the middle course only to become abrupt in the lower
one. The abundance of the remaining (scanty) families: Perlidae, Perlodidae and Chlo-
roperlidae, demonstrated an opposite tendency.

A decrease in stonefly abundance was accompanied by a drop in numbers of Diptera
(mainly the dominating family Chironomidae and, to a lesser degree, Empididae), as
well as oligochaetes of Enchytreidae and insects of Megaloptera. In spite of a decrease in
the absolute abundance of Diptera downstream, their percentage share in fauna remained
unchanged, equalling 25.5% (Tabs 3, 4).
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Table 4. Benthic invertebrates in the Czarna Wisetka; mean density (N) of bottom population (m?)
and domination (%) at the studied stations.

Tabela 4. Bezkregowce bentosowe Czarnej Wiselki; Srednia gestosé (N) zasiedlenia dna (m?)
i dominacja (%) na stanowiskach.

Stations 1 2 g
Stanowiska
Altitude 885 740 560
Wysoko$¢ npm. m

N % N % N %
OLIGOCHAETA 288.0 390.4 373.6
Naididae 17.2 264.0 309.2
Lumbriculidae 22.8 12.4 6.8
Enchytreidae 246.4 114.4 58.0
HYDRACARINA 2.4 8.0
EPHEMEROPTERA 142.4 100 208.0 100
Baetis lutheri Miill.-Lieb 56.4 39.7 91.2 43.8
Baetis rhodani Pict. 44.0 30.9 74.8 36.0
Baetis vardarensis Ikonomov 24 1.7
Baetis vernus Curt. 9.2 6.6 1.6 0.8
Baetis spp. juv. 1.6 182 28.8 13.8
Epeorus sylvicola Pict. 1.2 0.6
Rhithrogena iridina Kol. 2.0 1.0
Ecdyonurus venosus F. 4.4 2.1
Heptagenidae n. det. juv. 0.8 0.4
Habrophlebia sp. juv. 0.4 0.2
PLECOPTERA 2,663.6 1,844.4 705.6
Nemouridae 845.2 802.8 248.0
Leuctridae 1,817.6 1,012.4 418.0
Perlidae+ Perlodidae 25.6 30.0
Chloroperlidae 3.6 10.8
COLEOPTERA 4.4 21.2 9.6
MEGALOPTERA 6.8 3.6 1.6
TRICHOPTERA 209.2 100 141.8 100 238.0 100
Pseudopsilopteryx zimmeri (McL.) 27.6 13.3 0.9 0.6
Psilopteryx psorosa (Kol.) 12.4 5.9 22 1.6
Plectrocnemia conspersa (Curt.) 39.6 18.9 2071 19.1 11.2 4.7
Rhyacophila philopotamoides McL. 8.4 4.0 6.7 4.7 1.2 0.5
Rhyacophila fasciata Hag. 1.6 0.9 7.6 5.4 4.0 1.7
Rhyacophila polonica McL. 0.4 0.2 34l 22 182} 0.5
Rhyacophila vulgaris Pict. 0.4 0.2 0.4 0.3 0.4 0.2




Table 4 cont.

Beraea pullata (Curt.) 0.4 0.3
Sericostoma personatum (Sp.) 7.6 5.4 0.4 0.2
Rhyacophila obliterata McL. 1.8 1.3 0.4 0.2
Rhyacophila tristis Pict. 0.9 0.6 0.8 0.3
Hydropsyche saxonica McL. 14.2 10.0 22.0 9.2
Glossosoma conformis Neb. 123 0.9 2.0 0.8
Potamophylax cingulatus depilis Sz. 0.4 0.3 2.4 1.0
Rhyacophila nubila Zett. 0.4 0.3 5.2, 22
Sericostoma flavicorne Schn. 6.0 2.5
Hydropsyche instabilis (Curt.) 4.0 157/
Philopotamus ludificatus McL. 2.0 0.8
Hydropsyche pellucidula (Curt.) 2.0 0.8
Philopotamus variegatus (Scop.) 157 0.5
Rhyacophila mocsaryi Klap. 0.8 0.3
Potamophylax luctuosus Pill. 0.8 0.3
Wormaldia occipitalis (Pict.) 0.4 0.2
Hydropsyche fulvipes (Curt.) 0.4 0.2
Odontocerum albicorne (Scop.) 0.4 0.2
Polycentropus flavomaculatus Pict. 0.4 0.2
Drusus discolor (Ramb.) 0.4 0.2
Athripsodes sp. 0.4 0.2
Rhyacophila spp. juv. 4.4 2.3 10.7 45, 16.4 6.9
Philopotamus spp. juv. 0.4 0.3 0.8 0.3
Hydropsyche spp. juv. 48.0 8359 104.4 43.9
Drusinae n. det. juv. 1.3 0.9 10.8 4.5
Chaetopterygini n. det. juv. 113.6 54.3 4.0 2.8 6.8 2.9
Sericostoma spp. juv. 2.2 1.6 29.6 12.4
DIPTERA 1,083.6 744.8 529.2
Limoniidae 30.4 29.2 20.0
Dixidae 0.4
Simuliidae 30.4 16.0 93.6
Chironomidae 961.2 680.0 397.2
Ceratopogonidae 82 4.0
Empididae 62.4 16.0 5.6
Athericidae 0.4 0.4 8.0

Total : 4,257 3,291 2,076

Min. - max.: 1,644-9,556 1,120-6,912 270-5,120

153
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4.1.3. Qualitative analysis of the chosen taxa

Only mayfly and caddis fly larvae collected in the Czarna Wisetka were identified to
rank of species. This was due to the exceptional knowledge of the taxonomy, ecology
and the distribution in the Carpathian streams. The taxa belonging to the most numerous
orders in the Carpathian watercourses and data regarding their distribution provides
thorough information on the ecological character of the studied stream. Those insects can
also be indicators of anthropogenic influences on water environments.

Caddis flies Trichoptera

Species composition. Both the number of individuals and the number of
species of caddis flies in the studied stream were higher than those of the mayflies. They
occurred throughout the whole course of the stream and in all its tributaries. Their abun-
dance (mean of all collection dates) at all stations ranged from 142-238 individuals/m?
(extreme values equalling 12-860).

Among the 1,413 individuals collected in the mainstream, 28 taxa were identified
(Tab. 3), of which 5 were found throughout the entire course, 9 at two sites (stations 1-2
or 2-3) and 14 at one station. Larvae of 7 species were found in the upper stretch of the
stream. All of these species were also present in the middle course and most of them (5),
in the lower one as well. The larvae of 15 species lived in the middle stretch. Only one of
them (Beraea pullata) was found exclusively in this section. On the other hand, out of 25
species encountered in the lower course, as many as 13 species (>50%) lived only in this
section.

The larvae of Plectrocnemia conspersa were the most common and abundant throughout
the entire stream, whereas those of Rhyacophila philopotamoides, R. fasciata, R. polonica
and R. vulgaris were less numerous.

Larvae of Chaetopterygini prevailed in the upper course of the stream, constituting
73% of all individuals. Overgrown larvae, i.e. those where identification to species was
possible belonged to: Pseudopsilopteryx zimmeri and Psilopteryx psorosa bohemosaxo-
nica (constituting together 19% of the individuals). The remaining 54% were juvenile
larvae belonging probably to the same taxa. In the middle and lower course, the follo-
wing invertebrates prevailed: forms of Hydropsychidae (Hydropsyche —44% at station 2
and 56% at 3, mainly H. saxonica), P. conspersa, Rhyacophila and Sericostoma.

The domination pattern of certain forms downstream (Tab. 3) provided for the distin-
guishment of two sections characterised by similar caddis fly fauna: the upper section
(station 1) and the middle-lower section (stations 2-3). Forms dominating in the upper
section belonged to community D, having developed in the vicinity of the springs and in
the upper (forested) stretches of streams flowing down the steep slopes of Beskidy
Zachodnie Mountains (Szczgsny 1986). Species dominating in the middle-lower section
of Czarna Wisetka resembled community E, populating the middle courses of Beskid
streams.

Species composition of the communities populating the Czarna Wisetka differed si-
gnificantly from those discovered in other Beskid streams. Some particularly striking
phenomena were: the low number of species (especially at the station 1), the simplified
species composition and the distinct domination (in terms of percentage share) within the
group. Above all, the total absence of the larvae of the genera: Agapetus, Synagapetus,
Glossosoma, Drusus, Ecclisopteryx, Apatania and others could be noticed.
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The guilds. Four guilds, i.e. functional feeding groups according to Cummins’
(1973) classification, can be distinguished among caddis fly larvae inhabiting the Czarna
Wiselka: shredders, predators, scrapers and filterers (Tab. 5). The group of filterers may
be divided into the subgroups: predatory larvae (Polycentropodidae), omnivorous (Hy-
dropsychidae) and microfilterers (Philopotamidae). The stream, in its entire course, was
populated mainly by shredders and predators, and, when the type of ingested food was
concerned, by: detritivores, omnivores and carnivores.

Table 5. Percentage share of the guilds of caddis fly (Trichoptera) larvae along the Czarna Wiseltka

Tabela 5. Udziat procentowy funkcjonalnych grup pokarmowych larw chruscikéw (Trichoptera)
w Czarnej Wiselce

Guilds Stations
Funkcjonalne grupy pokarmowe Stanowiska

1 D) 8
Schredders
Rozdrabniacze Fiehin Sy IR
Predators
Drapiezcy WSR2 OREID)
Scrapers
Zdrapywacze 1.9 O

Filterers — Carnivores
Filtratorzy — migsozercy 8295l O8] 4.9

Filterers — omnivores
Filtratorzy — wszystkozercy 439 55.8

Microfilterers — omnivores
Mikrofiltratorzy — wszystkozercy 0.3 1.8

Number of individuals/m?
Liczba osobnik6w/m? 20940850 3 8

mean of 7 samples (Srednia z 7 préb);
mean of 9 samples (Srednia z 9 préb);
mean of 11 samples (Srednia z 11 préb).

-

%

In the upper stretch (station 1) lived the larvae of the two guilds: shredders, i.e. detri-
tovores (Chaetopterygini) and predators (P. conspersa, netspinning filtrator and Rhyaco-
phila). This section of the stream was completely devoid of scrapers, i.e. algaevores, as
well as omnivorous filterers and microfilterers. In the middle and lower sections, omni-
vorous filterers of Hydropsyche prevailed, however, algaevores and microfilterers occur-
red as well, although in negligible quantities.

The species composition of caddis fly guilds in the Czarna Wisetka differed markedly
from the ones commonly occurring in the Beskidy Zachodnie Mountains streams. For exam-
ple, in the Gorce streams, in community D at an altitude of 750-1100 m, the larvae of preda-
tors and scrapers (algaevores) dominated while in the stretches where community E develops
(at 650-750 m), algaevores, predators and filterers prevailed (Szczgsny 1987). The percenta-
ge shares of the aforementioned groups were more equalized in the latter streams.
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Mayflies Ephemeroptera

Mayfly fauna in the Czarna Wisetka was poor. They were not found at all in the upper
stretch of the stream, i.e. at an altitude of 885 m and above (Tab. 3). They were occasionally
discovered in samples collected in the middle and lower courses, but only in certain seasons
(usually at the end of summer and in autumn). They were more frequently encountered in the
lower course (station 3); typically, however, in a low number of individuals. Their abundance
increased twice, in 1988 and 1993, and they also appeared in the middle course (station 2).
The highest abundance noted before dolomite application was 800 individuals/m? at station 2
at the end of June 1993.

Nine species were identified among 892 larvae collected in the Czarna Wisetka. They
belonged to 3 families: Baetidae (only Baetis genus), Heptageniidae and Leptophlebiidae;
the representatives of the latter two were encountered exclusively in the lower course of the
stream. In both stretches, two species quantitatively dominated: Baetis lutheri and B. rhodani,
whereas B. alpinus reached considerable levels in the middle course. Percentage shares of Heptage-
niidae and Leptophlebiidae at site 3 were minute and did not exceed 5% of all mayflies.

The streams situated in the Beskidy Zachodnie Mountains at an altitude of 500-800 m
were populated by an abundant mayfly community, which Sowa (1975) distinguished as
,community of zone 2b”, containing the following characteristic species: Rhithrogena iridi-
na, Baetis alpinus, Ecdyonurus venosus, R. hybrida, with the total number of species ranging
from 6 to 20.

Streams at an attitude of 500 m and below, populated by the ,,community of zone 3”, were
characterized by the following species: Baetis rhodani, B. lutheri, B. muticus and B. scam-
bus, and also Rhithrogena ferruginea and Habroleptoides modesta; the number of species
usually ranging from 20 to 27.

Species prevailing in the Czarna Wisetka are characteristic of ,,community of zone 3”
(Sowa 1975), developing at a lower altitude, with Baetis rhodani and B. lutheri as dominants.

Mayfly fauna in the Czarna Wisetka, the Biata Wiseltka, and the Vistula (downstream of
the Malinka tributary) were studied in 1936 and 1938 by Mikulski (1950). Samples were
collected in July and August at nine stations. The sources were in the upper and middle
courses of the stream, at altitudes ranging from 1140 to 700 m. Thirteen taxa were determi-
ned: 3 of Baetidae [Baetis rhodani, B. alpinus (= carpathica Morton), B. sp. (probably vernus)], 6
of Heptageniidae, one of each: Ephemerllidae and Caenidae and 2 of Leptophlebiidae. At an
altitude higher than 1000 m, 11 species were encountered. At altitudes ranging from 1000-750 m,

10 species were discovered and below 750 m, 7. The nymphae of B. rhodani were the most abun-
dant along the stream and Heptageniidae were only found in the upper course.

Mikulski’s data (1950) was not entirely precise since quantitative results are missing and
some species identifications seem doubtful. Taking into consideration the progress in the
taxonomy of some genera, especially that of Baetis, it is probable that the number of species
populating the Czarna Wisetka was higher and could exceed 20. However, the mayfly fauna
in the upper course of the stream was abundant and diversified 50 years ago, whereas they
have now completely vanished.

4.1.4. Invertebrate fauna after dolomite application

Six weeks after dolomite application (after September 8, 1993), an abundance of fau-
na increased at stations 2 and 3 by 70% and 40%, respectively, while it dropped by
approximately 15% at station 1, where dolomite was not used (Fig. 2). At both former
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stations, the abundance of stoneflies increased. Oligochaetes (of the family Naididae)
and flies (of Chironomidae) both increased at station 2, while mayflies (Baetis) and cad-
dis flies only moderately (Hydropsyche saxonica) increased at station 3.

In the spring of the following year (May), after snowmelt runoff, the poor benthic
fauna was observed. It did not differ very much from the average results noted in the
spring seasons. Mayflies completely vanished while Chironomidae remained, but in low
numbers. Only caddis flies were relatively numerous at station 3.

Fourteen months after dolomite application (November 1994) mayflies were found
only in the lower stretch of the stream, while lacking in the middle part. However, at that
time, the nymphae represented mainly the family Heptageniidae which had not been
observed there before. Furthermore, the caddis fly larvae of 6 species (e.g. the Hydropsy-
che saxonica and juvenile Drusiinae - algaevores) were observed. These had not been
found at those stations before. The fact clearly indicates the qualitative changes in the
composition of the fauna.

25000 Ji

st. 1
st. 2
st.3

20000 +

15000 -

10000 +

5000 -+ 7/

Numbers of individuals m?
Liczba osobnikéw m?

n

3.0X.1993 18.X.1993* 6.V.1994* 7.X1.1994*

Sampling dates —Terminy poboru prob

Fig. 2. Macroinvertebrates of the Czarna Wisetka: st. 1 — station 1, st. 2 — station 2, st. 3 — station 3; * — after
dolomite application on September 4, 1993.
Ryc. 2. Makrobezkregowce Czarnej Wiselki: st. 1 — stanowisko 1, st. 2 — stanowisko 2, st. 3 — stanowsko 3;
* — po zastosowaniu dolomitu — 4.09.1993.

4.1.5. Tributaries of the Czarna Wiselka

Altogether, 2,102 invertebrates were collected in four tributaries of the Czarna Wiset-
ka on June 21, 1989. Similarly, in the mainstream, stoneflies, caddis flies and oligocha-
etes were the dominating groups (Tab. 6). Among the organisms sensitive to acidifica-
tion, only the mayflies of three species (Baetis alpinus being the most numerous) were
found in samples collected in unnamed stream B flowing into the Czarna Wiselka at an
altitude of 600 m. Representatives of Tricladida order were found in this tributary, in
addition to the highest number of caddis fly species and the highest number of individu-
als of Protonemura. This data shows a positive correlation with the pH values noted
during sample collection.

However, no leaches, moluscs and crustaceans were observed, indicating persistently
acidic water pH in tributaries.



158

4.2. The Biala Wiselka

Invertebrate material contained in 70 samples collected in the Biata Wisetka and its
tributaries consisted of 17,341 individuals; 40 samples were collected in the mainstream
containing 12,272 individuals, while the remainder were derived from the tributaries.
The collected invertebrates belonged to 11 orders (Tabs 7, 8). Insects (93,6%), mainly
stoneflies and dipterans, accompanied by mayflies and caddis flies, were of the most
abundant groups.

4.2.1. General characterization

The percentage shares of insect groups in the benthos of particular stations were as fol-
lows. Stoneflies prevailed at all stations (except the lower section of the Biata Wisetka), and
in as many as five instances their percentage share exceeded 50% of the whole benthic fauna
(Tab. 7). Mayflies occurred at all stations too, except in the upper part of Glgbczariski stream.
Molluscs and amphipods were found in the lower course of Biata Wisetka and in the two of
its tributaries. In the lower section of the mainstream there were snails Ancylus flaviatilis and
amphipods Gammarus fossarum; in tributaries, snails Bythinella austriaca and amphipods
Niphargus sp. It should be noted that the Bythinella shells were soft.

Stonefly abundance seems to correlate negatively with the number of individuals of
dipterans. The maximum abundance of the former was observed at stations where the
number of dipterans reached their lowest values (Tab. 7). Similar regularities can be
noticed with regard to stoneflies and mayflies. These phenomena were correlated with
water pH recorded during samples collection. At low pH values, stonefly abundance was
high while the number of mayflies and representatives of flies was low, whereas at a very
low pH, mayflies were completely missing.

4.2.2. Qualitative analysis of the chosen groups
Mayflies Ephemeroptera

Altogether, 2,914 individuals were collected which belonged to 21 species (Tab. 8).
Diverse mayfly abundances were noted at various stations — they ranged from 116 indivi-
duals/m? (6.5% of fauna) to 1,300 individuals/m? (30.3%). The number of species at
those stations was diverse, ranging from 1 to 18, while in the upper section of the Glgb-
czariski stream, mayflies were non-existent. Both in the mainstream and in all tributaries
studied, Baetis alpinus was the dominating species. At stations located in higher altitudes, it
was the only species, whereas, at lower locations, it was accompanied by several species,
the most abundant being: B. rhodani, B. muticus, B. scambus, Epeorus sylvicola and
Rhithrogena iridina, and in the lower section of the Biata Wisetka by Torleya major.
Baetis lutheri, the most abundant mayfly species in the middle and lower part of the
Czarna Wisetka, was completely absent at these locations.

A comparison of the list of species occurring in the Biata Wisetka with those found in
other streams in the Beskidy Mountains (Sowa 1975) suggests that the stream is populated by
a community of zone 2b, except for the lower section on the mainstream where a community
of zone 3 develops.

Mikulski (1950), who studied the Biata Wisetka in 1936 and 1938, identified 14 taxa. In
each of the ten stations studied at that time (situated at altitudes ranging from 600 to 1030 m
in accordance with the map attached to that article) in the right-bank tributary, the Roztaczny
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Table 6. Benthic invertebrates collected in the Czarna Wisetka tributaries on 21 June 1989
Tabela 6. Bezkrggowce bentosowe zebrane w doptywach Czarnej Wisetki w dniu 21.06.1989

Tributaries Unnamed A Ptony Kozi Unnamed B
Doptywy Bez nazwy A Bez nazwy B
Altitude 930 740 680 600
Wysoko$¢ npm. m
pH 4.5 4.9 6.0 6.2
INESEC) N % N % N %
TRICLADIDA 0.3
Dugesia gonocephala (Duges) 3
OLIGOCHAETA 9.1 14.2
Naididae 10 2 14
Lumbriculidae 2
Enchytreidae 35 62 22 11
EPHEMEROPTERA 2.8
Baetis alpinus Pict. 14
Baetis spp.juv. 5
Ecdyonurus venosus F. 3
Habrophlebia lauta Etn. 6
PLECOPTERA 64.5 75.9 82.7 84.2
Amphinemura spp. 20 49 1 7
Nemoura spp. 20 2 3
Nemurella picteti Klap. 25 4
Protonemura spp. 2 19 18 100
Leuctra spp. 180 310 165 740
Diura bicaudata L. 1 2
COLEOPTERA 0.4 211
MEGALOPTERA 0.5 0.4 0.2
Sialis fuliginosa Pict. 2 2 2
TRICHOPTERA 15.4 4.3 2 5.0
Rhyacophila philopotamoides McL. 4 4 3 14
Rhyacophila polonica McL. 2 B 1
Rhyacophila spp.juv. -+ 1
Wormaldia occipitalis (Pict.) 17
Philopotamus ludificatus McL. 1
Plectrocnemia conspersa (Curt.) 14 8 3} 6
Psilopteryx psorosa (Kol.) 24
Pseudopsilopteryx zimmeri (McL.) S 2 1
Potamophylax cingulatus depilis Sz. 1
Sericostoma personatum (Sp.) 8
Odontocerum albicorne (Scop.) 1
DIPTERA 10.4 5.1 85 2.8
Limoniidae 4 3 5 3
Chironomidae 25 20 3! 24
Ceratopogonidae 1
Empididae 10 3
Athericidae 1

Number of individuals collected
Liczba osobnikéw zebranych 383 507 225 987

Number of individuals/m?
Liczba osobnikéw/m? 15582, 2,028 900 3,948
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Table 7. Percentage shares of invertebrate groups in benthos of the Biata Wisetka (8, 9) and its
tributaries (10-15)

Tabela 7. Udzial procentowy grup bezkregowcéw w bentosie Biatej Wisetki (8,9) i jej doptywéw
(10-15)

Stations
Stanowiska 14 15 10 8 11 12 13 9
Altitude
Wysoko$¢ npm. m 850 850 730 700 670 610 585 ST
pH 4.4 6.0 6.0 6.0 6.1 6.2 6.1 6.2
TRICLADIDA 0,3 1,5 0,1 0,7 0,6 0,4 0 0,03
" MOLLUSCA 0 2 0 0 0,1 0 0 0.12
OLIGOCHAETA 9,6 0,7 4,5 6,5 2 5 1 3.03
HYDRACARINA 0 0,1 0 0 0 0 0 2.6
AMPHIPODA 0 0,2 0,1 0 0 0 0 0.03
OSTRACODA 0 0,2 0 0 0,1 0 0 1.02
EPHEMEROPTERA 0 30,3 8,9 6,5 13,9 16,8 24,9 16747/
PLECOPTERA 62,2 55,6 77 56,9 52,9 33,8 40 9.1
COLEOPTERA 0 1153} 3 3,8 4,2 858 3 25
TRICHOPTERA il57/ 8%6 3,6 6,7 6,4 8,6 6,8 22.1
DIPTERA 26,1 4,8 2,9 19 19,6 32,1 242 41.9
Number of individuals/m?
Liczba osobnik6w/m? 3,936 4,284 3,316 1,792 2,732 3,644 2,364 6,754*

* mean of 7 samples (Srednia z 7 préb).

stream, and in the Biata Wisetka (beginning from an altitude of 700 m downwards), 5-10
species were discovered, while in the Roztaczny stream 5-9 species were encountered.
Currently, only one mayfly species (B. alpinus) has been found in the lower section of
Rozlaczny stream.

Caddis flies Trichoptera

On the whole, 2,883 larvae and pupae, belonging to 37 species, were collected in the
area under examination. These animals occurred at each studied section of the stream.
Their abundances reached the lowest level at higher altitudes and increased downstream.
In the upper parts of the streams, 68—120 larvae/m?* were collected, which were represen-
tative of 5-7 species, while at lower locations, 164-312 larvae/m?* of 10-11 species were
discovered. In the lower course of Biata Wisetka, 364—1,080 caddis flies of 18 species
occurred (Tab. 8).

Caddis fly fauna found in the lower section of the Biata Wisetka was distinctive with
regard to qualitative composition and abundance of certain forms. The following species
dominated in the upper part of the stream: Rhyacophila philopotamoides, Plectrocnemia
conspersa, Drusus annulatus, D. discolor; while in the lower part: Hydropsyche (mainly
H. instabilis), Glossosoma conformis, Micrasema minimum, Allogamus auricollis. Spe-
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Table 8. Benthic invertebrates of the Biata Wiselka (8, 9) and its tributaries (10-15); number of
individuals collected (N), domination (%) in the chosen groups at the lower stretch of the Biata
Wisetka (9) only.

Tabela 8. Bezkregowce bentosowe Biatej Wisetki (8, 9) i jej doptywoéw (10-15); liczba osob-
nikéw zebranych (N), oraz dominacja (%) w grupach wybranych tylko dla dolnego odcinka
Biatej Wiselki (9).

Stations
Stanowiska 14 15 10 8 11 12 13 9
Altitude
Wysokos¢ npm. m 85018505 | 780 5#700 ([5:1670! [F 1610|8585 3[E.57S
Min. pH 4.4 6.0 6.0 6.0 6.1 6.2 6.1 6.6

N N N N N N N N %
TRICLADIDA
Dugesia gonocephala (Duges) 3 -+ 4 8
Crenobia alpina (Dana) 16 1 3
MOLLUSCA
Bythinella austriaca Frau. 21 1
Ancylus fluviatilis Muller 1 14
OLIGOCHAETA
Nais spp. 3 1 20 9 1 6 173
Tubifex tubifex (Muell.) 74
Limnodrilus hoffmeisteri Clap. 1
Stylodrilus heringianus Clap. 66 2 11 15 B 89 6 24
Lumbriculidae n. det. 8 1
Haplotaxis gordioides (Hart) 2 1 8
Propappus volki Mich. 3 6 D 76
Cernosvitoviella sp. 13
Enchytreidae n. det. 13 3 5 2 1 9
HYDRACARINA n. det. 1 305
AMPHIPODA
Gammarus fossarum Koch. 3
Niphargus sp. 2 1
OSTRACODA n. det. 2 1 120
EPHEMEROPTERA 2091 100
Ameletus inopinatus Etn. 2 1
Baetis alpinus Pict. 324 74 21 42 68 73 | 484 23.1
Baetis muticus L. 1 30 38 88 4.2
Baetis rhodani Pict. 1 19 2 11552975142
Baetis scambus Etn. 1 i 1 3 20 1.0
Baetis vardarensis 1kon. 1 0.04
Baetis vernus Curt. ® 3 014
Baetis spp.juv. 1 8 643  30.8
Epeorus sylvicola Pict. 1 2 2} (252108100
Rhithrogena iridina Kol. | 8 44 7 71 3.4
Ecdyonurus submontanus Landa 1
Ecdyonurus venosus F. 2 5 Sy) 2
Ecdyonurus spp. juv. 1 63 3.0
Electrogena lateralis (Curt.) 1 1 17 0.8
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Table 8 cont.

14 15 10 8 11 12 13
Ephemerella ignita (Poda) 34 1.6
Torleya major (Klap.) 47 89,
Caenis pseudorivulorum Keff. 9 0.4
Caenis rivulorum Etn. 6 0.3
Habroleptoides modesta (Hag.) 4 0.2
Paraleptophlebia cincta Retz. 4 4 2ff. 1.3
Paraleptophlebia werneri Ulm. 1 2
Habrophlebia lauta Etn. 16 0.8
Habrophlebia sp. juv. 1
PLECOPTERA
Amphinemura spp. 60 36 139 8 5) 20 9 131
Nemoura spp. 15 1 1 1 30
Nemurella picteti Klap. 8
Protonemura spp. 74 51 269 65 133 111 79 89
Leuctra spp. 450 | 493 | 216 | 178 | 220 | 170 | 143 | 736
Chloroperlidae n.det. 10
Diura bicaudata L. 5) 16 13 3 3 6 4 12
Dinocras cephalotes Curt. 1 14
Dinocras megacephala (Klap.) 3
Perla burmeisteriana Cl. 6
Perlidae+Perlodidae juv. 41
COLEOPTERA 14 24 17 29 30 18 | 292
TRICHOPTERA 2609 100
Rhyacophila fasciata Hag. 1
Rhyacophila glareosa McL. 1
Rhyacophila mocsaryi Klap. 1 1 31 %2
Rhyacophila nubila Zett. 13 0.5
Rhyacophila obliterata McL. ) 1 1 16 12 1 19 0.7
Rhyacophila philopotamoides McL| 9 12 5 3 4 3 1 1 0.04
Rhyacophila polonica McL. 1 | 3 4
Rhyacophila tristis Pict. 3 4 3 5) 4 82 3.1
Rhyacophila vulgaris Pict. 1 1 18 0.7
Rhyacophila spp. juv. 6 15 18 2 3 7 96 3.7
Glossosoma conformis Neb. | 371 14.2
Agapetus ochripes Curt. 20 0.8
Wormaldia occipitalis (Pict.) 1 1 2
Philopotamus ludificatus McL. 8 10 0.4
Plectrocnemia conspersa (Curt.) 6 7 2 1 5 0.2
Polycentropus flavomaculatus (Pict.) 1 0.04
Hydropsyche instabilis (Curt.) 42 3 144 5
Hydropsyche pellucidula (Curt.) 11 0.4
Hydropsyche saxonica McLach. 3 0.1
Hydropsyche spp.juv. 1151  44.1
Micrasema minimum McL. 296 113
Brachycentrus montanus Klap. -+ 0.2
Lithax niger Hag. 1
Silo pallipes (Fabr.) 3) 8 14 0.5
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Table 8 cont.

14 15 10 8 11 19, 13 9
Silo piceus (Brau.) 1 0.04
Crunoetia irrorata (Curt.) 2 1 0.04
Ecclisopteryx dalecarlica (Kol.) 28 171
Ecclisopteryx madida (McL.) 1 1 v 0.3
Drusus annulatus (Steph.) 4 1
Drusus discolor (Ramb.) 5 2 5 0.2
Chaetopteryx fusca Brauer 76 249
Chaetopterygopsis maclachlani St. 3 0.1
Psilopteryx psorosa (Kol.) 1 1 3 1 9 0.3
Pseudopsilopteryx zimmeri (McL.) 3
Chaetopterygini n. det. juv. 3 0.1
Potamophylax luctuosus (Pil.) 8 0.3
Allogamus auricollis (Pict.) SRR 3.0
Allogamus uncatus (Brau.) 1 0.04
Sericostoma personatum (Sp.) 3 4 96 Sk
Odontocerum albicorne (Scop.) 1 2 0.1
DIPTERA
Blepharoceridae 6
Limoniidae 5} 3} 1 9 6 7/ 5 72
Psychodidae 1
Dixidae 1 1 1
Simuliidae 7 <+ 4 3 8 16 | 488
Chironomidae 240 41 16 65 110 | 250 | 115 |4,335
Ceratopogonidae 3 11 2
Empididae 5) 2 14 14 5 40
Athericidae 5 ¥/ 1 1 13
Number of individuals/m?
Liczba osobnikéw/m? 3,940 (4,280 |3,320 [1,790 |2,730 |3,640 (2,360 |6,754

cies of the former group are constituents of caddis fly communities populating streams in the
Tatra Mountains (e.g. D. annulatus, D. discolor, community B) or the uppermost stretches of
streams in the Beskidy Zachodnie Mountains, i.e. communities C and D (Szczgsny 1986).
Species of the latter group were included in communities E and F of the middle and lower course.

Caddis flies were studied in the Biata Wisetka in 1979 as well (Szczgsny 1986). At that
time, they were abundant only in the middle and lower course of the stream while in the
upper section they were scarce. At an altitude of 800 m, as few as 37 larvae belonging to 4
species were collected; at 1000 m, just 5 larvae of 2 species; at 900 m, no representatives of
caddis flies were found.

5. Conclusions
The invertebrate fauna inhabiting drainage nets of both Wisetka streams were repre-

sented by 12 orders. Most of the individuals collected belonged to insects, and their
percentage share ranged from 82% to 99%. Stoneflies, flies, mayflies, and caddis flies
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were the most abundant insect groups. A prevalence of stoneflies in terms of their
number was apparent at all sections of the studied streams, except for the lower
course of the Biata Wisetka, specifically, at 14 out of the 15 studied stations. In 11
separate events, their predominance exceeded 50% of all macroinvertebrates. This
phenomenon seems to be characteristic of acidified streams. The same situation was
found in acidified streams in the Lysogéry Mountains (Szczgsny 1990).

Previously published papers regarding studies on benthic fauna in streams in the
Beskid Mountains (Sowa 1965, Szczgsny 1974, Kownacki 1982), and in the Tatra
Mountains (Kownacka, Kownacki 1965, Kownacka 1971, Kownacki 1977) sugge-
sted that representatives of Diptera order, most frequently of Chironomidae and
Simuliidae families predominated, while stoneflies were apparently less numerous.

. The acidification of the catchments of both streams has been confirmed by a
complete absence of leeches and an almost total lack of molluscs and crustaceans.
Molluscs (Bythinella austriaca) collected in two tributaries of the Biata Wisetka had
soft shells, indicating decalcification of organisms living at a low pH. Shells of
molluscs collected in the lower course of this stream (Ancylus fluviatilis) had nor-
mal (firm) shells. Crustaceans were found only in the Biata Wisetka watershed, and
then, only individuals of Niphargus sp., which prefer underground waters conta-
ining a low content of carbonates, as occurring in the tributaries. In the lower part of
the mainstream, Gammarus fossarum appeared, however, at low number. It should
be emphasised that leeches and particularly amphipods are typical components of
benthic fauna in the Beskid streams. The amphipods were frequently encountered in
very high numbers (Sowa 1965).

Acidification also results in a reduction in the numbers of mayfly and caddis fly
species. This phenomenon was observed at stations where pH was low. At the sta-
tions with very low pH values, mayflies completely vanished, as was the case in the
uppermost sections of the streams. Mayflies were not found at 4 out of the 15 sta-
tions in both catchments, and only periodically, at two others. A reduced number of
species in both groups was ascertained in most of the studied sections.

Acidification of the Biata Wisetka catchment was less pronounced than that of
the Czarna Wisetka. Only the upper sections of the streams showed strong acidifica-
tion. In the middle parts, acidification is moderate and in the lower course of the
mainstream it is inconsiderable — the water pH does not drop below 6, as can be
inferred from the presence of amphipods (Gammarus fossarum) (Brehm, Meijering
1982, Matthias 1983).

The Czarna Wisetka catchment is acidified to a much greater degree. In the upper
parts of the stream acidification is strong and permanent. No invertebrates sensitive
to acidification, molluscs, crustaceans, mayflies (Okland, Okland 1986) and many
other taxa, were found in those sections. The middle and lower course undergoes
frequent acidification and it is often as strong as in the upper section, thereby le-
ading to a reduction of fauna abundance and a disappearance of sensitive invertebra-
tes. Most probably, the decrease in invertebrate abundance had been caused by a
drift of animals weakened by a toxic environment which was augmented by a high
flow. It could be seen at station 3 in the Czarna Wisetka where the lowest abundan-
ce, as well as the highest differences between extremes and the lowest average had
_ all been determined. These phenomena occurred throughout the entire year after
heavy rainfalls. However, the critical moment is snow melting, when almost always
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the fauna is deteriorated along the whole stream. This is a reason why in spring
(May), mayflies rarely were encountered in the Czarna Wisetka. Only once, in 1993,
mayflies were recorded in fauna collected at station 3, thereby indicating atypical
processes of snowmelt runoff at that time.

Contrary to the mainstream, some of the tributaries (e.g. unnamed B), did not
undergo strong acidification. Sensitive groups, though not all, may survive there
throughout the entire year. Drifting representatives of those communities, which
populate the mainstream may explain the quick appearance of mayflies after each
deterioration throughout the year.

In general, the neutralization of acidic water by dolomite gravel only slightly impro-
ved ecological conditions in the stream. High flow rates after snow melting and heavy
rainfall resulted in critical moments when, as earlier, the amount of fauna was considera-
bly reduced.

On the basis of the species lists of mayflies and caddis flies found in the studied
streams, it may be concluded that Wisetka watersheds are inhabited by two communities
of those insects. Streams situated at an altitude higher than 600 m are populated by may-
flies of zone 2b, only in the Biata Wisetka (Sowa 1975) and zone D of caddis flies (Szczgsny
1986), while the lower courses of the Biata Wisetka and the Czarna Wisetka are inhabi-
ted by mayflies of zone 3 and caddis flies of zone E. However, communities populating
the lower courses of both streams differ considerably, in terms of both number of species
and domination structure. This may be an indication of the substantial dissimilarity of the
ecological character of those streams resulting not only from water chemistry but chiefly
from their differences in hydrology.
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Streszczenie

Od potowy lat 80-tych prowadzono badania hydrochemiczne (Wrébel, Wéjcik 1989) i hydro-
biologiczne (Szczesny 1989) nad zakwaszeniem srodowiska wodnego w dorzeczu Bialej i Czar-
nej Wisetki. Skutkiem zakwaszenia byto ogélne zubozenie fauny bezkrggowcéw bentosowych,
a takze catkowity zanik ryb, w tym pstraga potokowego Salmo trutta m. fario, dla ochrony ktére-
g0 utworzono w 1958 r. rezerwat przyrody obejmujacy Czarng i Biatg Wisetke.

W 1993 r. podjeto probe neutralizacji kwasnej wody Czarnej Wisetki za pomocg dolomitowa-
nia. Gruz dolomitowy umieszczono 4.09.1993 r. w korycie tego potoku w jego srodkowym biegu
w przedziale wysokosci 740-880 m npm. oraz w przyujsciowym odcinku potoku Plonego, prawo-
brzeznego doptywu Czarnej Wisetki.

Niniejsza publikacja obejmuje wyniki catosci badari nad bezkrggowcami bentosowymi obu
Wisetek, jakie prowadzono w latach 1988—1994, tj. zaréwno przed jak i po zastosowaniu dolomitu.

Wisetki (Ryc. 1) odwadniajg zachodnie stoki Baraniej Gory (1220 m npm.), najwyzszego wznie-
sienia w masywie Beskidu Slaskiego. Strome stoki garb6w tego masywu s pokryte lasem Swier-
kowym, z domieszkg buka w dolnych partiach.

Podloze geologiczne zlewni zbudowane jest ze skat osadowych, tj. fliszu karpackiego, gtow-
nie z warstw dolnych istebniariskich i warstw godulskich. Na podtozu tym w zlewni Czarnej Wi-
setki wyksztalcity si¢ gleby oligotroficzne bielice i zbielicowane, a w zlewni Biatej Wisetki mezo-
troficzno-eutroficzne i mezotroficzne gleby brunatne i kwasne brunatne oraz rdzawe. Ogélnie,
gleby zlewni Czarnej Wiselki s bardziej zakwaszone niz Biatej Wisetki (Maciaszek, Zwydak 1998).

Zr6dta Czarnej Wisetki, ktéra odwadnia potudniowo-zachodnie sktony Baraniej Gory usytu-
owane sg na wysokosci 1150 m npm., a jej pierwotna dlugos¢, przed spigtrzeniem zaporg w miej-
scowosci Wista-Czarne, wynosita 9,6 km. Zrédta Biatej Wiselki, ktéra odwadnia pétnocno-za-
chodnie sktony Baraniej Géry usytuowane sg na wysokosci 1100 m, a jej pierwotna dtugos¢ wy-
nosita 6,6 km. Potoki zlewaly si¢ dawniej na wysokosci 530 m, obecnie uchodzg do zbiornika
zaporowego na wysokosci 545 m (Punzet 1998, Olszamowski 1995).
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Woda Czarnej Wisetki byta kwasna i reprezentowata typ siarczanowo-wapniowy o znacznym
stezeniu jonéw wodorowych, glinu i zelaza, a pH wody utrzymywato si¢ zawsze ponizej 7.
W srodkowym i dolnym biegach przy niskich stanach wody pH zwykle wynosito odpowiednio
6,4 16,8, a podczas roztopéw odpowiednio 4,71 5,8. W gérnym biegu potoku pH utrzymywato si¢
stale w zakresie 4.0-5.5.

Woda Biatej Wisetki przedstawiata typ dwuweglanowo-wapniowy, ale ze znaczng zawartoscig
siarczan6w, przy wzglednie niskim przewodnictwie elektrolitycznym <100 mS/cm. Obecnos¢ gli-
nu w wodzie utrzymywata si¢ stale, co wskazuje na zakwaszenie wysoko potozonych odcink6w
potoku lub jego doptywéw (Wrébel 1998).

Roczny opad atmosferyczny wynosi okoto 1400 mm (Wrébel 1998), a Sredni roczny przeptyw
Wisty ponizej potgczenia si¢ Wisetek — 0,825 m?/s.

Badania przeprowadzono na 15 stanowiskach (Ryc. 1, Tab. 1). Material pozyskiwano wedtug
og6lnie przyjetej w tego typu badaniach metodyki, pobierajac czerpakiem dennym (rama kwadra-
towa o boku 20 cm) kazdorazowo na stanowisku po 5 préb ilosciowych z powierzchni dna okoto
5 dm? kazda, w 11 r6znych terminach (Tab. 2). Zebrano okoto 41 tys. bezkrggowcédw bentoso-
wych przynaleznych do 12 rzedéw (Tab. 3, 4, 7, 8).

Czarna Wiselka

Bezkregowce zasiedlajgce Czarng Wisetke sktadaty si¢ w 89% z owadéw, przede wszystkim
widelnic (55%) i muchéwek (22%); mniej liczne byty skgposzczety oraz chrusciki i jetki (Tab. 3,
4). Nie znaleziono w ogdle: migczakOw, pijawek, obunogéw i matzoraczkéw. Wyptawki Tricladi-
da natomiast napotkano tylko w jednym z doptywéw (Tab. 6).

W gérnym odcinku Czarnej Wiselki (stanowisko 1) liczba osobnikéw (Srednia z poboréw)
przypadajgca na jednostke powierzchni dna potoku byta najwyzsza i malata z biegiem potoku;
w stosunku do gérnego odcinka, w srodkowym odcinku (stanowisko 2) byto ich o potowe mniej,
a w dolnym biegu (stanowisko 3), az dwukrotnie mnie;.

Odmiennie przedstawiata si¢ r6znorodnos¢ gatunkowa, najnizsza w gérnym, tj. najbardziej
zakwaszonym odcinku Czarnej Wiselki (takze w wigkszosci badanych doptyw6w), zas najwyzsza
w dolnym. Obok liczebnie dominujacych widelnic (z rodzajow Leuctra i Nemoura) w gérnym
biegu znaleziono tylko 7 gatunkéw chruscikéw, podczas gdy w srodkowym byto ich 15,
aw dolnym az 25. Jetek w gérnym odcinku nie znaleziono w ogéle, w sSrodkowym byto ich 5, zas
w dolnym 8.

Uktad dominacji taksonéw chruscikéw z biegiem potoku (Tab. 4) pozwala wydzieli¢ dwa
odcinki o podobnej faunie chruscikéw: odcinek gérny (st.1) i odcinek srodkowo-dolny (st. 2-3).
Formy dominujgce w gérnym odcinku potoku wchodzg w skiad zgrupowania D rozwijajgcego si¢
w przyZrodtowych i gérnych (Iesnych) odcinkach potokéw zachodniobeskidzkich (Szczesny 1986).
Natomiast zestaw gatunkéw dominujgcych na odcinku srodkowo-dolnym Czarnej Wiselki przy-
pomina zgrupowanie E zamieszkujace srodkowy bieg potokéw beskidzkich.

Zestawy gatunkéw chruscikow, jakie stwierdzono w Czarnej Wiselce, r6znig si¢ znacznie od
typowych zgrupowan, jakie spotyka si¢ w wigkszosci potokow beskidzkich. Szczegdlnie uderza-
jacym zjawiskiem jest mniejsza liczba reprezentowanych wyzszych jednostek taksonomicznych,
mata liczba gatunkéw, wydatnie zaznaczona dominacja procentowa niewielu gatunkéw.

Fauna chruscikéw gérnego odcinka Czarnej Wisetki, w aspekcie funkcjonalno-pokarmowym
posiada bardzo uproszczony sktad; tworzg jg tylko dwie grupy: rozdrabniacze, tj. detritusozercy
(Chaetopterygini) i drapiezcy (P. conspersa — filtrator stawiajacy sieci i Rhyacophila). W odcin-
kach srodkowym i dolnym fauna chruscikéw zdominowana jest liczebnie przez filtrator6w wszyst-
kozernych z rodzaju Hydropsyche (Tab. 5). Sktad fauny chruscikow Czarnej Wisetki w aspekcie
funkcjonalno-pokarmowym odbiega wigc od przecigtnego dla potokéw beskidzkich. W gérnych
odcinkach, gdzie rozwija si¢ zgrupowanie D, zwykle dominujg liczebnie larwy z grup drapiezcéw
i zdrapywaczy, tj. glonozercéw. W tych odcinkach zas gdzie rozwija si¢ zgrupowanie E, przewage
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procentowa uzyskujg grupy: glonozercéw, drapiezcéw i filtratoréw (Szczesny 1987). Przede wszyst-
kim jednak udziat grup wyréznianych na poszczeg6lnych odcinkach w tamtych potokach bywa
bardziej wyréwnany niz w Czarnej Wiselce.

Jetki znajdywano, w niewielkiej liczbie okazéw, tylko w prébach ze srodkowego i dolnego
biegu, przewaznie pod koniec lata i jesienig. Liczebnie na obu odcinkach dominowaty dwa gatun-
ki: Baetis lutheri i B. rhodani; w odcinku §rodkowym do$¢ znaczny udziat posiadat tez B. alpinus.
Zestaw gatunkéw dominujgcych w Czarnej Wiselce wskazywalby na zgrupowanie 3 (Sowa 1975),
ktére jednakze w potokach beskidzkich rozwija si¢ nizej (<500 m npm.).

Fauna jetek Czarnej Wiselki (takze Biatej Wisetki i Wisty po ujscie potoku Malinka) byta
badana w latach 1936 i 1938 przez Mikulskiego (1950), ktéry zidentyfikowal wéwczas 13 takso-
néw: 3 z rodziny Baetidae [Baetis rhodani, B. alpinus (= carpathica Morton), B. sp. (prawdopo-
dobnie vernus)], 6 z Heptageniidae, po 1 z Ephemerellidae i Caenidae oraz 2 z Leptophlebiidae.
Powyzej 1000 m npm. zyto 11 gatunkéw, 10 w przedziale wysokosci 1000-750 m i 7 ponizej 750
m. W gérnym biegu dos¢ liczne byty Heptageniidae, a gatunkiem dominujacym na catym odcinku
badanym byl B. rhodani. Fauna jetek w gérnym odcinku potoku 50 lat temu byta wigc liczna
i zréznicowana, podczas gdy obecnie brak jej zupelnie.

Bezkregowce Czarnej Wiselki po zastosowaniu dolomitu

Po 6 tygodniach od zastosowania dolomitu wzrosta liczebno$¢ fauny na stanowiskach 2 i 3
odpowiednio o 70 i 40%, gdy tymczasem na stanowisku 1, gdzie nie zastosowano dolomitu, spa-
dta o okoto 15% (Ryc. 2). Wzrosta na obu stanowiskach przede wszystkim liczebnos¢ widelnic, na
stanowisku 2 ponadto skaposzczetéw z rodziny Naididae i muchéwek z rodziny Chironomidae,
ana stanowisku 3 tylko jetek z rodzaju Baetis i w umiarkowanym stopniu chruscikéw (Hydropsy-
che saxonica).

Wiosng (maj) nastgpnego roku, po zejsciu wod roztopowych, skiad jakosciowy fauny i jej
liczebno$¢ w zasadzie nie odbiegaty od notowan z lat poprzednich; liczebnosé byta bardzo niska,
ustgpity catkowicie jetki, zachowaty si¢ w niewielkich ilosciach Chironomidae. Wzglednie liczne
byty jedynie chrusciki na stanowisku 3.

Uzycie dolomitu dla zobojetnienia kwasnej wody tylko w nieznacznym stopniu poprawito
warunki ekologiczne w potoku. Krytycznymi momentami w dalszym ciggu pozostajg wezbrania
spowodowane tajaniem $niegu i wigkszymi opadami deszczu, w czasie ktérych nastgpuje, jak
dawniej, znaczne wyniszczenie fauny.

Biala Wiselka

W Biatej Wiselce (z wyjatkiem dolnego odcinka) i jej doptywach najliczniejszg grupg byty
widelnice, a ich udzial na og6t przekraczat 50% catosci bentofauny (Tab. 7). Drugg co do liczeb-
nosci grupg byty muchéwki Diptera (gtéwnie ochotkowate Chironomidae). Liczebnos¢ widelnic
wyraznie ujemnie korelowata z liczebnoscig muchéwek; maksymalne wartosci dla widelnic ob-
serwowano na og6t tam, gdzie liczebnos¢ muchéwek byta najnizsza. Podobng prawidtowosé, tj.
korelacje ujemng, daje si¢ zauwazy¢ takze w odniesieniu do widelnic i jetek. Zjawiska powyzsze
z kolei wyraZnie wigzg si¢ z odczynem wody zanotowanym podczas poboru préb; przy niskich
warto$ciach pH liczebno$¢ widelnic byta wysoka, a muchéwek i jetek niska, zas przy bardzo
niskim pH, np. w potoku Glebczanskim, jetek brak zupetnie.

Zwierzat wrazliwych na zakwaszenie byto tu wigcej niz w dorzeczu Czarnej Wisetki. Jetki
zyly na wszystkich stanowiskach z wyjatkiem gérnego odcinka potoku Gigbczariskiego. Migczaki
Mollusca 1 obunogi Amphipoda stwierdzono w dolnym odcinku Biatej Wisetki i w dwdch jej
doptywach; w dolnym odcinku potoku giéwnego byty to: slimak przytulik strumieniowy Ancylus
Sfluviatilis i kietz Gammarus fossarum, natomiast w doptywach — Zrédlarka Bythinella austriaca i
studniczek Niphargus.
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Jetek zebrano w dorzeczu Biatej Wiselki stosunkowo duzo — 21 gatunkéw (Tab. 8). Liczba
taksonow na stanowiskach byta zmienna, od 1 do 18, a w gérnym odcinku potoku Glebczariskiego
nie bylo ich w ogdle. Zaréwno w potoku gtéwnym jak i we wszystkich badanych doptywach
gatunkiem dominujgcym liczebnie byt Baetis alpinus. W wyzej potozonych odcinkach potokow
byt to jedyny gatunek jetki. Nie znaleziono tu w ogdle Baetis lutheri, ktéry byt najliczniejszym
gatunkiem jetki w Srodkowym i dolnym odcinku Czarnej Wiselki.

Poréwnanie listy gatunkéw zestawionej dla Bialej Wiselki z listami gatunkéw tworzacych
okreslone zgrupowania zasiedlajace potoki beskidzkie (Sowa 1975) prowadzi do wniosku, ze ba-
dane potoki zasiedla zgrupowanie strefy 2b z wyjatkiem dolnego odcinka potoku gléwnego, gdzie
rozwija si¢ zgrupowanie strefy 3.

Mikulski (1950), badajac Bialg Wisetke w latach 1936 1 1938, zestawit liste 14 taksonéw jetek.
Na kazdym z 10-ciu badanych przez niego wowczas stanowisk (wyznaczone one byty, jak wynika
z zalgczonej mapy, na prawobrzeznym doptywie — potoku Roztgcznym — poczawszy od Zrédet i na
Biatej Wiselce od 700 m w d6t) w zakresie wysokosci 1030-600 m npm. zyto od 5 do 10 gatun-
kéw; w potoku Rozigcznym 5-9. Obecnie w dolnym odcinku potoku Roztgcznego stwierdzono
tylko 1 gatunek jetki (B. alpinus).

W zebranym materiale oznaczono 37 gatunkéw larw i poczwarek chruscikow. Owady te wy-
stepowaly w kazdym z badanych odcinkéw potokéw, ale liczby stwierdzonych gatunkéw i ich
liczebnos¢ byly najnizsze w odcinkach wyzej potozonych i zwigkszaty si¢ wraz ze spadkiem wy-
sokosci (Tab. 8).

Fauna chruscikéw dolnego odcinka Biatej Wisetki wyraZnie roznita si¢ od fauny wyzej poto-
zonych odcinkéw zaréwno sktadem jakosciowym jak i liczebnoscig poszczegdlnych taksonéw. W
wyzej potozonych odcinkach gatunkami dominujacymi liczebnie byty: Rhyacophila philopota-
moides, Plectrocnemia conspersa, Drusus annulatus, D. discolor; w dolnym odcinku natomiast:
Hydropsyche (gtéwnie H. instabilis), Glossosoma conformis, Micrasema minimum, Allogamus
auricollis. Gatunki pierwszej z tych grup wehodzg w sktad zgrupowan chruscikow zasiedlajacych
potoki tatrzariskie (np. D. annulatus, D. discolor — zgrupowanie B) lub najwyzej potozone odcinki
potokéw beskidzkich, tj. zgr. C i D (Szczgsny 1986). Gatunki drugiej grupy wchodzg w sklad
zgrupowan E i F (Srodkowego i dolnego biegu potokéw beskidzkich).

Podsumowanie

Najpospolitszymi wodnymi zwierzg¢tami bezkregowymi zasiedlajagcymi dno potokéw dorze-
czy Wiselek sg owady z rzg¢du widelnic. Przewaga liczebna widelnic jest cechg charakterystyczng
potokéw zakwaszonych. Podobng sytuacje stwierdzono w zakwaszonych potokach Swigtokrzy-
skiego Parku Narodowego (Szczgsny 1991). Mimo ze owady te wystgpuja pospolicie i licznie, ich
réznorodnosé gatunkowa jest niewielka; sktadajg si¢ na nig gléwnie rodzaje Leuctra, Nemoura i
Nemurella picteti Klap.; taczna liczba gatunkéw nie przekracza 10.

W gérnych odcinkach potokéw gitéwnych i w wielu doptywach, zwierzat wrazliwych na za-
kwaszenie (migczakow, kielzy, jetek, pijawek) nie znaleziono. Liczba gatunkéw zwierzat zamiesz-
kujgcych te odcinki potokéw jest zredukowana proporcjonalnie do stezenia jonéw wodorowych.
Brak zwierzat wrazliwych oznacza, ze potok stale lub przez wigkszg cz¢s¢ roku prowadzi wodg
zakwaszong.

Dorzecze Czarnej Wiselki zakwaszone jest w znacznie wigkszym stopniu niz Biatej Wisetki.
W gérnych odcinkach potokéw zakwaszenie to jest silne i trwate. W srodkowym i dolnym biegu
zakwaszenie jest zjawiskiem czgstym i czgsto bywa ono silne, nie mniejsze niz w gérnym odcin-
ku. Dochodzi wéwczas do znacznej redukcji liczebnosci fauny i ustgpienia form wrazliwych na
zakwaszenie. Redukcja liczebnosci fauny odbywa si¢ najprawdopodobniej poprzez zwigkszone
znoszenie przez wode zwierzat ostabionych przez toksyczne srodowisko. Znoszenie to spotego-
wane jest w dolnym biegu potoku wigkszym przeptywem podczas wezbran. Zjawiska te zdarzaja
si¢ w ciggu catego roku po wigkszych opadach deszczu, ale krytycznym momentem jest okres



170

tajania Sniegu. Wéwczas niemal zawsze dochodzi do wyniszczenia fauny na calej dlugosci poto-
ku. Dlatego wiosna, tj. w maju, jetek w Czarnej Wisetce zwykle nie spotykano. Raz tylko, w 1993 r.
spotkano jetki w maju na stanowisku 3, co moze oznaczac, ze sptyw wod roztopowych w tym
sezonie mial nietypowy przebieg.

W przeciwienistwie do potoku gtéwnego, niektére z jego doptywdw, zwlaszcza te nizej poto-
zone, nie podlegajg tak silnemu zakwaszeniu i formy wrazliwe, cho¢ nie wszystkich grup, moga w
nich przetrwac przez caty rok. Osobniki z tych populacji poprzez dryft lub migracj¢ form uskrzy-
dlonych (imagines) i ztozenie jaj zasiedlaja na powr6t potok gtéwny. Tym mozna ttumaczy¢ szyb-
kie pojawianie si¢ larw jetek w potoku po kazdym ich wytruciu zdarzajacym si¢ w okresie catego
roku.



